Objective: To evaluate (1) the magnitude of falsely elevated bone density results caused by heterotopic ossi®cation (HO) around the hip and (2) eect of age of patients when the measurement was taken, age of patients at injury, and age of injury (time since event) to the prevalence of HO. Subjects and methods: We blindly analyzed plain radiographs of the hip [(obtained within 1 month of dual energy X-ray absorptiometry (DEXA)] in 107 spinal cord injured (SCI) patients for HO and matched the result to the three regions of interest (ROI): the femoral neck, Ward's triangle, and the trochanter. The in¯uence of HO on bone densitometric values was determined by the analysis of variance (ANOVA) and post-hoc analysis. Results: Nineteen (18%) patients had HO; overlying the femoral neck (79%), trochanter (74%) and Ward's triangle (37%), respectively. Signi®cant elevation of densitometric values (P50.05 or less) was observed in a various magnitude at each ROI, with the greatest elevation at Ward's triangle. The prevalence of HO was high when the patients were injured at age range of 20 ± 39 years. Conclusions: HO around the hip can cause signi®cantly elevated bone densitometry results at all ROIs, which can obscure underlying osteoporosis, leading to underestimation of fracture risk. Determination of bone density in this region with corresponding plain radiographs would be of help. In SCI patients, prevalence of HO was high when the age of patients at injury was 20 ± 39 years.
Introduction
Bone densitometry has a unique and invaluable place in the prevention, diagnosis, and management of osteoporosis. 1 Dual-energy X-ray absorptiometry (DEXA) represents a major advance in non-invasive, precise measurement of total bone mass (TBM) and bone mineral density (BMD) in selected regions of the body, 2, 3 and is currently considered the bone densitometric technique of choice. 1, 4 With this method, patients at risk of osteoporosis can be identi®ed and the relative risk of fracture can be predicted, leading to proper prevention and early treatment.
Spinal cord injury (SCI) has been noted to commonly cause disuse osteoporosis. 3,5 ± 7 The pattern of highly selective bone loss from the hip appears to be unique for SCI patients compared to other endocrine causes of osteoporosis, 6 rendering the hip the most vulnerable site for fracture in this group of patients. Unfortunately, spinal cord injury, as well as other neuromuscular disorders, not only results in osteoporosis, but also induces multi-variable patterns of osseous, articular, and soft tissue alterations. 5 Heterotopic ossi®cation (HO) is one of these abnormalities that most commonly involves the hip, 8 ± 11 and it can cause falsely elevated bone densitometric values resulting in a failure to recognize osteoporosis and a misleading estimation of fracture risk. This phenomenon led us to investigate the magnitude and signi®cance of falsely elevated bone density results caused by HO around the hip using a substantial number of patients, which to our knowledge, has not been previously studied.
Materials and methods
(ESR), electrolytes, liver and renal function studies, standard X-rays and bone densitometry were performed on 320 consecutive male patients with spinal cord injuries who were admitted to the spinal cord injury unit at the Veteran Aairs Medical Center from 1994 to 1995. The patient population included new patients with acute injuries as well as patients who were readmitted for various medical reasons. The inclusion criteria were the subjects who had (1) normal laboratory ®ndings, (2) no clinically obvious indications of heterotopic ossi®cation, (3) no metabolic diseases or other conditions known to in¯uence their calcium metabolism or bone densitometry, and (4) not received treatment in¯uencing these parameters.
One hundred and thirty-®ve spinal cord-injured subjects (age range 20 ± 78 years, mean age=48.8+15.1 years, standard error of the mean=1.3 years) met these criteria. Sixty-nine ablebodied individuals (age range 24 ± 76 years, mean age=51.1+14.1 years, standard error of the mean=1.7 years) age matched to the 135 subjects were also included in the study. Bone mineral density measurement (g/cm 2 ) of the lumbar spine (L1 ± L4) and three regions of the proximal femur (the femoral neck, Ward's triangle and the trochanteric region) were obtained using dual energy X-ray absorptiometry (DEXA) (LUNAR Model DPX; LUNAR Corp., Madison, WI). The DEXA results were interpreted blindly without information of radiographic ®ndings. The data of able-bodied individuals (age-matched controls) was presented elsewhere. 12 The patients' plain radiographs, which included the hips and were obtained within 1 month of the DEXA studies, were blindly reviewed by three musculoskeletal radiologists who came to consensus agreement without information of DEXA. The results were recorded separately for each region (the femoral neck, Ward's triangle and the trochanteric region) as non-HO or HO. The radiographic criteria of HO was an initially poorly de®ned periarticular radiodense area that do not contain recognizable trabeculae. When the collections enlarge, they merge with the underlying bone in the form of irregular excrescence, and demonstrating trabecular architecture. 5 For the 135 patients, the proximal femoral bone densitometry was not performed in three patients, plain radiographs which included the hips were not available in 23 patients, and the hip prostheses were observed in two patients, thus excluding them from the study. Of the remaining 107 studied patients, six patients did not have densitometry of the trochanteric regions due to hip contracture from previous surgery which rendered proper positioning unobtainable.
The results of the plain radiographs were then matched to the three regions of interest (ROI) of the DEXA: the femoral neck, Ward's triangle, and the trochanteric region. The eect of HO on bone densitometric values (bone mineral content (BMC ± grams), bone mineral density (BMD -g/cm 2 ) and percentage of BMD compared to age-matched controls was evaluated. The statistical analysis was conducted using Analysis of Variance (ANOVA) followed by a post-hoc analysis using Tukey's honest signi®cant dierence (HSD) test to determine (1) the magnitude of false elevation of bone density results due to HO when the data was strati®ed by patient, and (2) the magnitude of false elevation of bone density results due to HO when the data was strati®ed by ROI.
The patients who had HO by plain radiographs were grouped in dierent categories: grouped by age of patients when the DEXA was taken (patients' present age), by age of injury (time since event) and by age of patients at the time of injury, to see whether or not there was eect of these factors to the prevalence of HO. , respectively. The BMD results are decreased in spite of overlying HO, suggesting that the fracture risk of this patient is underestimated, and is actually higher. (Owing to some limitations in patient's positioning, the ROIs were manually adjusted) patients with HO compared to the group without HO and to the entire study population as follows: (a) At the femoral neck; the BMC was elevated by 29; (b) At Ward's triangle; the BMC was elevated by 89 ± 101% and the percentage of BMD compared to age-matched control by 39 ± 43% (c) At the trochanter; the BMC was elevated by 35 ± 43%, and the BMD by 21% (Table 1 ; Figures 1 ± 3) .
The prevalence of HO was high (14 of 19 patients=73%) when age of patients at injury were in the range of 20 ± 39 years ( Table 2 ). Prevalence of HO was not much dierent when grouping the patients with HO by age of injury (time since event - Table 3 ) and by age of patients when the DEXA was taken (patients' present age - Table 4 ). What we have observed was when age of injury (time since event) was between 20 ± 29 years all ROIs of the hip were aected, referring that BMD or proximal femur in SCI patients was 8 ± 13% lower than age matched controls. 6,13 ± 15 Because the number of patients with HO and number of age-matched controls were small (controls that were matched for age of patients at injury, age of injury, and age of patients when the DEXA was taken), it was insucient to do statistical analysis.
Discussion
Heterotopic ossi®cation (HO) is reported most commonly in association with paraplegia secondary to spinal cord trauma in which it may be observed in 16 ± 53% of cases, 5,10,11,16 ± 18 and the hip is the most commonly aected region. 8 ± 11,19 In our study, we found the prevalence of HO to be 18% corresponding to this range. In SCI patients, HO has some particular characters. It has been observed to be present as early as 18 days after SCI, 10 which is earlier than the time period of 1 ± 6 months after other injuries. 9, 10 It is more common after injury of the lower cervical or thoracic spine than after those of lumbar spine 8 and it occurs in both¯accid and spastic forms of paralysis. Although ossi®cation is almost always seen in a paraplegic limb or limbs, this association is not constant. 5 We had already conducted a study concerning the patterns of spinal cord injury associated bone loss (SABL) on this same group of patients using ablebodied individuals (age-matched controls) 12 and found that the BMDs of our patients in the proximal femoral regions were 8 ± 13% lower than age-matched controls. These ®ndings corresponded to those of many authors.
6,13 ± 15 Stewart et al. 20 reported two cases of SCI patients having elevated hip densitometry secondary to adjacent HO, and stated that clinical and radiographic correlation was necessary in densitometric determination. However, the numbers in their study population were small. We performed this densitometric study using substantial numbers of patients to determine the magnitude of in¯uence of HO on results. We found that multiple measured parameters at all three ROIs of the hip had statistically signi®cantly false elevation secondary to the overlying HO, indicating that the lower BMDs found in our previous study, 12 and probably in other studies, were actually underestimated and that the true risk of fracture was resultingly higher. The elevation was most dramatic in the BMC of Ward's triangle compared to both patients without HO (101%; P50.001) and to the entire study population (89%; P50.001). These recent ®ndings therefore not only provide insight into our previous study, 12 but also establish the signi®cant in¯uence of HO on proximal femoral densitometry. Interestingly, HO at the femoral neck was more commonly observed compared to other ROIs of the hip, but showed the least statistical signi®cance [only the femoral neck BMC was signi®cantly elevated (29%; P50.05)]. We have observed that in patients with HO, the bone densitometry will sometimes show the irregular areas of ossi®cation, and plain radiography should be requested for con®rmation.
Certain study limitations should be acknowledged. The ®rst shortcoming is the type and sex bias in our study population. HO was reported to occur most commonly in SCI patients 5, 10, 11 and in males more than In brackets are number of patients In brackets are number of patients In brackets are number of patients Influence of HO of the hip on bone density S Jaovisidha et al twice as often as females (23% : 10%). 8 Since our entire study population included male SCI patients, the incidence of HO was higher than it might have been without a sex bias. The second limitation is the number of patients with HO (19 patients = 18%) in this study. Although it corresponded to the previously described range and showed statistically signi®cant in¯uence on the densitometric values, the number is rather small. Third, we used plain radiographs to diagnose HO. It is well recognized that the elevation of alkaline phosphatase and the clinical manifestations of HO can precede the abnormal radiograph 9,21 from 1 week to 4 months and from 2 ± 4 weeks 9 respectively, and skeletal scintigram was also reported to be more sensitive than radiography in this respect. 9, 16, 17, 22, 23 Radiography is therefore not the most sensitive modality for diagnosing HO. But whether the elevated alkaline phosphatase, the positive clinical signs, and the positive scintigram without radiographically demonstrable HO in¯uence bone densitometric values is not yet known. Accordingly, HO when radiographically demonstrated, is de®nite. However, all of 19 patients with HO in this study had normal alkaline phosphatase from laboratory studies.
In conclusion, HO involving the hip can cause various magnitudes of signi®cantly elevated bone densitometric values at each three ROI; ranging from 29 ± 101% for BMC, 21% for BMD, and 39 ± 43% for percentage of BMD compared to age-matched controls. The prevalence of HO was observed to be high when age of patients at injury were in the range of 20 ± 39 years. When HO occurs, it can obscure underlying osteoporosis, leading to misinterpretation and underestimation of fracture risk. The lower proximal femoral BMD recognized in SCI patients as compared to age-matched controls is probably much lower in these studies which have not been corrected for this phenomenon. Observation of irregular areas of ossi®cation on bone densitometry of the hip should arise the possibility of HO, and corresponding plain radiographs should be requested for con®rmation. Recognition of this phenomenon will be helpful in management of patients at risk of HO, particularly SCI patients.
